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LOW TEMPERATURE POLY-SILICON
ARRAY SUBSTRATE AND FORMING
METHOD THEREOF

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit of priority to Chinese
Patent Application No. 201410604206.5, filed with the
Chinese Patent Office on Oct. 31, 2014 and entitled “LOW
TEMPERATURE POLY-SILICON ARRAY SUBSTRATE
AND FORMING METHOD THEREOF”, the content of

-

which 1s incorporated herein by reference in its entirety.

FIELD OF THE DISCLOSURE

The present disclosure generally relates to flat panel
displaying technology, and more particularly, to a low tem-
perature poly-silicon (LTPS) array substrate and a forming
method thereof.

BACKGROUND OF THE INVENTION

LTPS thin-film transistor (ITFT) liqmd crystal display
(LCD) has better performance than conventional amorphous
silicon TFT LCD. For example, the LTPS TFT LCD can
have an electron mobility greater than 200 cm?®/V-sec, which
can help reducing a size of a TF'T component, and further

increasing its aperture ratio, 1.e., increase the brightness of
the TFT LCD. And the power consumption of the TF'T LCD
may be reduced. Besides, under the relatively high electron
mobility, a portion of driving circuits can be integrated on a
glass substrate, such that the number of integrated driving
circuits may be reduced and the reliability of a LCD panel
may be greatly enhanced, which may greatly reduce manu-
tacturing cost of the LCD panel. Therefore, the LTPS TFT
LCD has become a research focus gradually. Generally, an
LTPS TFT LCD includes an array substrate and a color film
substrate opposite to the array substrate.

In existing techniques, a metal layer of a storage capacitor
or a pixel electrode may be enlarged to increase pixel
capacitance, however, this may reduce an aperture ratio of
pixels. Besides, in an existing pixel structure, the pixel
capacitance consisting of a trench layer, a gate insulating
layer and a first metal layer generally accounts for about
10% of the whole pixel capacitance, thus, increment of the
area of the metal layer may not lead to obvious imncrement of
the whole pixel capacitance.

BRIEF SUMMARY OF THE INVENTION

One nventive aspect 1s a low temperature poly-silicon
(LTPS) array substrate. The array substrate includes a first
substrate and a stack structure on the first substrate, where
the stack structure includes a first conductive layer, and a
second conductive layer. The first and second conductive
layers are insulated from each other. The array substrate also
includes a polysilicon layer above the first and second
conductive layers, an interlayer insulating layer above the
polysilicon layer, and a source-drain metal layer on the
interlayer insulating layer. The source-drain metal layer
includes a source and a drain, the source and the drain are
clectrically connected with the polysilicon layer through a
first via, and one of the source and the drain 1s electrically
connected with the first conductive layer through a second
via.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

In order to clarify the objects, characteristics and advan-
tages ol the disclosure and related art, embodiments of
present disclosure will be described 1n detail 1n conjunction
with accompanying drawings of both the disclosure and
related art. Obviously, the drawings are just examples and do
not limit the scope of the disclosure, and other drawings may
be obtained by a person skilled in the art based on these
drawings without creative work.

FIG. 1 schematically illustrates a sectional view of an
LIPS array substrate according to an embodiment of the
present disclosure;

FIG. 2 schematically illustrates a vertical view of the
LTPS array substrate in FIG. 1;

FIG. 3 schematically illustrates a sectional view of an
LIPS array substrate according to an embodiment of the
present disclosure;

FIG. 4 schematically illustrates a vertical view of the
LTPS array substrate in FIG. 3;

FIG. 5 schematically illustrates a sectional view of an
LIPS array substrate according to an embodiment of the
present disclosure;

FIG. 6 schematically illustrates a vertical view of the
LTPS array substrate in FIG. 5;

FIGS. 7A to 7N schematically illustrate cross-sectional
views of mtermediate structures of a method for forming an
LIPS array substrate according to an embodiment of the
present disclosure;

FIGS. 8A to 8N schematically illustrate cross-sectional
views of mtermediate structures of a method for forming an
LIPS array substrate according to an embodiment of the
present disclosure; and

FIGS. 9A to 9N schematically illustrate cross-sectional
views of mtermediate structures of a method for forming an
LIPS array substrate according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Embodiments of present disclosure will be described
clearly in detail in conjunction with accompanying draw-
ings. The embodiments below are only described for
example, and there are many other possible embodiments.
Based on the embodiments below, all the other embodiments
obtained by those skilled 1in the art without any creative
cllorts should belong to the scope of the present disclosure.

FIG. 1 schematically illustrates a sectional view of an
LIPS array substrate 100 according to an embodiment of the
present disclosure. FIG. 2 schematically 1llustrates a vertical
view of the LTPS array substrate 100 in FIG. 1. Referring to
FIG. 1, the LTPS array substrate 100 includes a first con-
ductive layer 104 and a second conductive layer 102 which
are insulated from each other and stacked on the first
substrate 101. The second conductive layer 102 1s disposed
below the first conductive layer 104, and a first insulating
layer 103 1s disposed between the first conductive layer 104
and the second conductive layer 102 to cover the second
conductive layer 102 and the first substrate 101. The first
conductive layer 104, the second conductive layer 102 and
the first insulating layer 103 constitute a storage capacitance
Cs. The first conductive layer 104 has a rectangular shape
which can be referred to FIG. 2. The second conductive
layer 102 has a shape of strip and a same electric potential
with a common electrode (not shown). At least one of the
first and second conductive layers includes a material




US 9,640,559 B2

3

capable of blocking lights, such as molybdenum-aluminum
alloy, chromium, molybdenum or other matenials which 1s
conductive and capable of blocking lights. The material
capable of blocking lights can prevent light emitted by a
backlight unit from 1rradiating a trench layer, which avoids
extra produced current.

The LTPS array substrate 100 further includes a bufler
layer 105 covering the first conductive layer 104 and the first
insulating layer 103, which may prevent harmitul subject 1n
the first conductive layer 104 and the first mnsulating layer
103, such as, alkali metal 10ns, from 1mpacting the perfor-
mance of a polysilicon layer 106.

The LTPS array substrate 100 further includes the poly-
silicon layer 106 on the bufler layer 105. Diflerent ion
implantation regions may be formed on the polysilicon layer
106 by exposure, and 1ons are injected 1nto the polysilicon
layer 106, to form a trench region and a source-drain region.
The polysilicon layer 106 overlaps with the projection of the
first conductive layer 104 and the projection of the second
conductive layer 102 in the vertical direction. In some
embodiments, the projection of the first conductive layer
104 and the projection of the second conductive layer 102 1n
the vertical direction entirely cover the polysilicon layer
106, which may better block light emitted by a backlight unit
to avoid extra produced current.

The LTPS array substrate 100 further includes a gate
insulating layer 107 formed on the polysilicon layer 106. In
some embodiments, the gate insulating layer 107 may
include a dielectric material, such as a nitride-silicon com-
pound or an oxygen-silicon compound.

The LTPS array substrate 100 further includes a gate 108
on the gate insulating layer 107. In some embodiments, the
gate 108 may include a conductive material having a rela-
tively low resistance, such as molybdenum-aluminum alloy,
chromium or molybdenum. The gate 108 overlaps with the
projection of the polysilicon layer 106, the projection of the
first conductive layer 104 and the projection of the second
conductive layer 102 in the vertical direction.

The LTPS array substrate 100 further includes a dielectric
layer 109 on the gate 108, which covers the gate 108 and the
gate insulating layer 107. In some embodiments, the dielec-
tric layer 109 may include a dielectric material, such as a
nitride-silicon compound or an oxygen-silicon compound.
Two first vias 1a are formed to penetrate the dielectric layer
109 and the gate msulating layer 107 and to expose a portion
of the polysilicon layer 106. A second via 15 1s formed to
penetrate the dielectric layer 109, the gate msulating layer
107 and the buller layer 105, and to expose a portion of the
first conductive layer 104.

The LTPS array substrate 100 further includes a source-
drain metal layer 110 on the dielectric layer 109, including
a source 110a and a drain 1104. It should be noted that, in
some embodiments, the source 110a and the drain 11056 may
exchange, and the position relation 1s not limited to the
embodiment shown 1n FIG. 1. The source 110q and the drain
1105 are electrically connected with the polysilicon layer
106 through the first vias 1a, and the drain 1105 1s further
clectrically connected with the first conductive layer 104
through the second via 15b.

The LTPS array substrate 100 further includes a planariza-
tion layer 111 on the source-drain metal layer 110, which
covers the dielectric layer 109, the source 110q and the drain
1105. In some embodiments, the planarization layer 111 may
include an organic film. A first transparent electrode 112 1s
formed on the planarization layer 111. In some embodi-
ments, the first transparent electrode 112 includes a trans-
parent conductive material, such as I'TO. A second 1nsulating,
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layer 113 1s formed on the first transparent electrode 112,
and a second transparent electrode 114 i1s formed on the
second msulating layer 113. A third via 1e 1s formed, which
penetrates the second insulating layer 113 and the planariza-
tion layer 111, and exposes a portion of the drain 11056. The
second transparent electrode 114 1s electrically connected
with the drain 1106 through the third via 1e. It should be
noted that, in some embodiments, the first transparent elec-
trode 112 1s the common electrode and the second transpar-
ent electrode 114 1s a pixel electrode. Under the actions of
the first and second transparent electrodes, liquid crystals
(not shown) are driven to roll over and further to display
different brightness. Referring to FIG. 1, the first transparent
clectrode 112 1s disposed below the second transparent
clectrode 114, and the first transparent electrode 112 1s a flat
plane structure 1n a LCD panel (not shown), that 1s, a
displaying mode 1s a fringe-field-switching (FFS) mode. In
some embodiments, the displaying mode may be an 1n-
plane-switching (IPS) mode, under which mode, the first and
second transparent electrodes may be disposed in one layer
with an interval therebetween. In some embodiments, the
displaying mode may be a twisted-nematic (ITN) mode,
under which mode, the first transparent electrode 112 may be
disposed on a color filter (not shown) opposite to the LTPS
array substrate 100, and the first and second transparent
electrodes drive the rolling of liquid crystals together. In the
embodiment in FIG. 1, the position of the first transparent
clectrode 112 1s described by taking the FFS displaying
mode for an example. It should be noted that, the position of
the first transparent electrode 112 i1s not limited to the
embodiment in FIG. 1.

From above, 1n FIG. 1, the first conductive layer 104 and
the second conductive layer 102 are formed on the first
substrate 101, which are insulated from each other and are
stacked on the first substrate 101. The first conductive layer
104, the second conductive layer 102 and the first insulating
layer 103 therebetween constitute a storage capacitance Cs.
The storage capacitance Cs 1s disposed below a black matrix
and has a relatively large area, thus, the storage capacitance
Cs may account for about 50% of the whole pixel capaci-
tance. That 1s, the storage capacitance Cs 1s increased at all
possible without impacting an aperture ratio. Besides, in
above embodiments, the common electrode (the second
conductive layer 102) 1s formed under a conductive trench,
which may shield the influence caused by exterior potential
and avoid a startup of a back trench, so as to reduce a current
leakage.

FIG. 3 schematically illustrates a sectional view of an
LIPS array substrate 200 according to an embodiment of the
present disclosure. FIG. 4 schematically 1llustrates a vertical
view of the LIPS array substrate 200 in FIG. 3. The
difference between the LIPS array substrate 100 in FIG. 1
and the LIPS array substrate 200 1n FIG. 3 1s that: a second
conductive layer 202 has a flat plane shape and includes a
transparent material, such as I'TO, while the first conductive
layer 204 has a rectangular shape and includes a material
capable of blocking lights, such as molybdenum-aluminum
alloy, chromium, molybdenum or other materials which 1s
conductive and capable of blocking lights. The material
capable of blocking lights can prevent light emitted by a
backlight unit from 1rradiating a trench layer, which avoids
extra produced current. Except the above difference, other
parts of the two LIPS array substrates are similar, which can
be referred to the above embodiments and are not described
in detail here. Compared with the LTPS array substrate 100
in FIG. 1, advantages of the LTPS array substrate 200 1n
FIG. 2 lie 1n that, the second conductive layer 202 has the flat
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plane shape, thus, no etching process needs to be performed
to the second conductive layer 202 during a forming method
of the LTPS array substrate 200, which may reduce process
steps and corresponding cost.

FIG. 5 schematically illustrates a sectional view of an
LTPS array substrate 300 according to an embodiment of the
present disclosure. FIG. 6 schematically 1llustrates a vertical
view of the LTPS array substrate 300 in FIG. 5. Referring to
FIG. 5, the LTPS array substrate 300 includes a first con-
ductive layer 302 and a second conductive layer 304 which
are insulated from each other and stacked on the first
substrate 301. The second conductive layer 304 1s disposed
above the first conductive layer 302, and a first insulating
layer 303 1s disposed between the first conductive layer 302
and the second conductive layer 304 to cover the first
conductive layer 302 and the first substrate 301. The first
conductive layer 302, the second conductive layer 304 and
the first insulating layer 303 constitute a storage capacitance
Cs. The first conductive layer 302 has a rectangular shape
which can be referred to FIG. 6. The second conductive
layer 304 has a shape of strip and a same electric potential
with a common electrode (not shown). At least one of the
first conductive layer 302 and the second conductive layer
304 includes a material capable of blocking lights, such as
molybdenum-aluminum alloy, chromium, molybdenum or
other materials which 1s conductive and capable of blocking
lights. The material capable of blocking lights can prevent
light emitted by a backlight umit from 1rradiating a trench
layer, which avoids extra produced current.

The LTPS array substrate 300 further includes a bufler
layer 305 covering the second conductive layer 304 and the
first insulating layer 303, which may prevent harmiul sub-
ject 1 the second conductive layer 304 and the first 1nsu-
lating layer 303, such as, alkali metal 10ns, from 1mpacting
the performance of a polysilicon layer 306.

The LTPS array substrate 300 further includes the poly-
silicon layer 306. Different 1on implantation regions may be
formed on the polysilicon layer 306 by exposure, and 10ns
are injected into the polysilicon layer 306, to form a trench
region and a source-drain region. The polysilicon layer 306
overlaps with the projection of the first conductive layer 302
and the projection of the second conductive layer 304 in the

vertical direction. In some embodiments, the projection of

the first conductive layer 302 and the projection of the
second conductive layer 304 1n the vertical direction entirely
cover the polysilicon layer 306, which may better block light
emitted by a backlight unit to avoid extra produced current.

The LTPS array substrate 300 further includes a gate
insulating layer 307 formed on the polysilicon layer 306. In
some embodiments, the gate isulating layer 307 may
include a dielectric material, such as a nitride-silicon com-
pound or an oxygen-silicon compound.

The LTPS array substrate 300 further includes a gate 308
on the gate msulating layer 307. In some embodiments, the
gate 308 may include a conductive material having a rela-
tively low resistance, such as molybdenum-aluminum alloy,
chromium or molybdenum. The gate 308 overlaps with the
projection of the polysilicon layer 306, the projection of the
first conductive layer 302 and the projection of the second
conductive layer 304 in the vertical direction.

The LTPS array substrate 300 further includes a dielectric
layer 309 on the gate 308, which covers the gate 308 and the
gate insulating layer 307. In some embodiments, the dielec-
tric layer 309 may include a dielectric material, such as a
nitride-silicon compound or an oxygen-silicon compound.
Two first vias 3a are formed to penetrate the dielectric layer
309 and the gate insulating layer 307 and to expose a portion
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of the polysilicon layer 306. A second via 35 1s formed to
penetrate the dielectric layer 309, the gate msulating layer
307, the bufler layer 105 and the first mnsulating layer 303,
and to expose a portion of the first conductive layer 302.
The LTPS array substrate 300 further includes a source-
drain metal layer 310 on the dielectric layer 309, including
a source 310a and a drain 3105. It should be noted that, in
some embodiments, the source 310q and the drain 3105 may
exchange, and the position relation 1s not limited to the
embodiment shown 1n FIG. 5. The source 310a and the drain
3106 are electrically connected with the polysilicon layer

306 through the first vias 3a, and the drain 3105 1s further

clectrically connected with the first conductive layer 302
through the second via 3b.

The LTPS array substrate 300 further includes a planariza-
tion layer 311 on the source-drain metal layer 310, which
covers the dielectric layer 309, the source 310a and the drain
310b. In some embodiments, the plananization layer 311
may include an organic film. A first transparent electrode
312 1s formed on the planarization layer 311. In some
embodiments, the first transparent electrode 312 includes a
transparent conductive material, such as ITO. A second
isulating layer 313 1s formed on the first transparent
clectrode 312, and a second transparent electrode 314 1is
formed on the second insulating layer 313. A third via 3e 1s
formed, which penetrates the second insulating layer 313
and the plananzation layer 311, and exposes a portion of the
drain 310b. The second transparent electrode 314 1s electr-
cally connected with the drain 3105 through the third via 3e.
It should be noted that, in some embodiments, the first
transparent electrode 312 1s a common e¢lectrode and the
second transparent electrode 314 1s a pixel electrode. Under
the actions of the first and second transparent electrodes,
liquid crystals (not shown) are driven to roll over and further
to display different brightness. Referring to FIG. 5, the first
transparent electrode 312 1s disposed below the second
transparent electrode 314, and the first transparent electrode
312 1s a flat plane structure in a whole LCD panel (not
shown), that 1s, a displaying mode 1s an FFS mode here. In
some embodiments, the displaying mode may be an IPS
mode, under which mode, the first transparent electrode 312
and the second transparent electrode 314 may be disposed 1n
one layer with an interval therebetween. In some embodi-
ments, the displaying mode may be a TN mode, under which
mode, the first transparent electrode 312 may be disposed on
a color filter (not shown) opposite to the LIPS array
substrate 300, and the first and second transparent electrodes
drive the rolling of liquid crystals together. In the embodi-
ment 1 FIG. §, the position of the first transparent electrode
312 1s described by taking the FFS displaying mode for an
example. It should be noted that, the position of the first
transparent electrode 312 1s not limited to the embodiment
in FIG. S.

From above, in FIG. 5, the first conductive layer 302 and
the second conductive layer 304 are formed on the first
substrate 301, which are insulated from each other and are
stacked on the first substrate 301. The first conductive layer
302, the second conductive layer 304 and the first insulating
layer 303 therebetween constitute a storage capacitance Cs.
The storage capacitance Cs 1s disposed below a black matrix
and has a relatively large area, thus, the storage capacitance
Cs may account for about 50% of the whole pixel capaci-
tance. That 1s, the storage capacitance Cs 1s increased at all
possible without impacting an aperture ratio. Besides, in
above embodiments, the common electrode (the second
conductive layer 304) 1s formed under a conductive trench,
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which may shield the influence caused by exterior potential
and avoid a startup of a back trench, so as to reduce a current
leakage.

FIGS. 7A to 7N schematically illustrate cross-sectional
views of mtermediate structures of a method for forming an
LTPS array substrate 100 according to an embodiment of the
present disclosure.

Referring to FIG. 7A, a first substrate 101 1s provided. In
some embodiments, the first substrate 101 may be a trans-
parent glass substrate. Referring to FIG. 7B, a second
conductive layer 102 is formed on the first substrate 101, and
1s patterned. Referring to FIG. 7C, a first insulating layer 103
1s formed on the second conductive layer 102 to cover the
second conductive layer 102 and the first substrate 101.
Referring to FIG. 7D, a first conductive layer 104 1s formed
on the first insulating layer 103, and 1s patterned. The first
conductive layer 104 has a rectangular shape. The second
conductive layer 102 has a shape of strip and a same electric
potential with a common electrode. At least one of the first
conductive layer 104 and the second conductive layer 102
includes a material capable of blocking lights, such as
molybdenum-aluminum alloy, chromium, molybdenum or
other materials which 1s conductive and capable of blocking
lights. The material capable of blocking lights can prevent
light emitted by a backlight umit from 1rradiating a trench
layer, which avoids extra produced current. The projection
of the second conductive layer 102 overlaps with the pro-
jection of the first conductive layer 104 on a vertical
direction. The first conductive layer 104, the second con-
ductive layer 102 and the first insulating layer 103 constitute
a storage capacitance Cs.

Referring to FIG. 7E, a bufler layer 105 1s formed on the
first conductive layer 104 to cover the patterned first con-
ductive layer 104 and the first insulating layer 103. A
cleaning process may be performed before depositing the
bufler layer 105. Afterwards, a plasma enhanced chemical
vapor deposition (PECVD) process may be performed to
form the bufler layer 103.

Referring to FIG. 7F, amorphous silicon 1s deposited on
the butfler layer 105 by a PECVD process, to form an
amorphous silicon layer. In some embodiments, a high-
temperature roaster may be used to perform a dehydroge-
nation process to the amorphous silicon layer, which may
avoild hydrogen explosion during a crystallization process
and reduce an inner defect density of a thin film after the
crystallization process. After the dehydrogenation process,
an LTPS process may be performed. Specifically, some
crystallization methods, such as an excimer laser annealer
(ELA) process, a metal induced crystallization (MIC) pro-
cess or a solid phase crystallization (SPC) process, may be
performed to the amorphous silicon layer to form a poly-
silicon layer on the bufler layer 105. Afterwards, different
ion 1mplantation regions may be formed on the polysilicon
layer by exposure, and 1ons are injected into the polysilicon
layer, to form a trench region and a source-drain region.
Afterwards, the polysilicon layer 1s photoetched, to form a
patterned polysilicon layer 106 on the bufler layer 105. The
polysilicon layer 106 overlaps with the projection of the first
conductive layer 104 and the projection of the second
conductive layer 102 in the vertical direction. In some
embodiments, at least one of the first conductive layer 104
and the second conductive layer 102 (opaque layers) entirely
covers the polysilicon layer 106 1n the vertical direction.

Referring FI1G. 7@, a gate insulating layer 107 1s formed
on the patterned polysilicon layer 106 by a PECVD process,
wherein the gate insulating layer 107 covers the patterned
polysilicon layer 106 and the buffer layer 105. In some
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embodiments, the gate mnsulating layer 107 may include a
dielectric material, such as a nitride-silicon compound or an
oxygen-silicon compound. Referring to FIG. 7H, a gate
metal layer 1s formed on the gate insulating layer 107 by a
sputtering process, and a photoetching process 1s performed
to the gate metal layer to form a gate 108 on the gate
insulating layer 107. In some embodiments, the gate 108
may include a conductive material having a relatively low
resistance, such as molybdenum-aluminum alloy, chromium
or molybdenum. The gate 108 overlaps with the projection
of the polysilicon layer 106, the projection of the first
conductive layer 104 and the projection of the second
conductive layer 102 1n the vertical direction.

Reterring to FIG. 71, a dielectric layer 109 1s formed on
the gate 108 by a PECVD process, wherein the dielectric
layer 109 covers the gate 108 and the gate insulating layer
107. In some embodiments, the dielectric layer 109 may
include a dielectric material, such as a nitride-silicon com-
pound or an oxygen-silicon compound. Two first vias 1a are
formed by a dry etching process. The first vias 1a penetrate
the dielectric layer 109 and the gate isulating layer 107, and
expose a portion of the patterned polysilicon layer 106. A
second via 16 1s formed, which penetrates the dielectric
layer 109, the gate insulating layer 107 and the bufler layer
105, and exposes a portion of the patterned first conductive
layer 104.

Retferring to FIG. 7], a source-drain metal layer 110 1s
formed on the dielectric layer 109 by a sputtering process,
and a photoetching process 1s performed on the source-drain
metal layer 110 to form a source 110q which fills one first via
1a and a drain 1105 which fills the other first via 1a and the
second via 15. The source-drain metal layer 110 may include
a conductive material having a relatively low resistance,
such as molybdenum-aluminum alloy, chromium or molyb-
denum. The source 110a and the drain 1105 are electrically
connected with the polysilicon layer 106 through the first
vias la, and the drain 1105 1s further electrically connected
with the first conductive layer 104 through the second via
15. It should be noted that, 1n some embodiments, the source
110a and the drain 1105 may exchange, and the position
relation 1s not limited to FIG. 71.

Referring to FIG. 7K, a planarization layer 111 1s formed
on the source 110a and the drain 1105, which covers the
dielectric layer 109, the source 110a and the drain 11054. In
some embodiments, the planarization layer 111 may include
an organic film. A fourth via 1¢ whose position corresponds
to that of the drain 1105 1s formed in the planarization layer
111. The fourth via 1c¢ penetrates the planarization layer 111
and exposes a portion of the drain 1105. In some embodi-
ments, an area of the fourth via 1c¢ 1s greater than or equal
to an area of the first via 1a which 1s filled with the drain
1105.

Referring to FIG. 7L, a first transparent electrode 112 1s
formed on the planarization layer 111 and etched to form a
fifth via 1d whose position corresponds to that of the fourth
via 1¢ and which exposes a portion of the planarization layer
111 and a portion of the drain 1105.

Reterring to FIG. 7M, a second 1nsulating layer 113 which
serves as a protective layer 1s formed on the first transparent
clectrode 112 and 1n the fifth via 14 and the fourth via 1¢ by
a PECVD process. In some embodiments, the second 1nsu-
lating layer 113 may have silicon nitride. Afterwards, a third
via 1le which penetrates the second insulating layer 113 and
the planarization layer 111 i1s formed by a dry etching
process. The third via 1e exposes the drain 1105.

Referring to FIG. 7N, a second transparent electrode 114
1s Tormed on the second insulating layer 113 and 1n the third
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via le by a sputtering process. The second transparent
clectrode 114 1s connected with the drain 1105 through the
third via 1e, to form a pixel electrode.

Based on above steps, the LTPS array substrate 100
shown in FIG. 7N 1s formed. In the LTPS array substrate
100, the first conductive layer 104 and the second conduc-
tive layer 102 are formed on the first substrate 101, which
are imsulated from each other and stacked on the first
substrate 101. The first conductive layer 104, the second
conductive layer 102 and the first insulating layer 103
therebetween constitute the storage capacitance Cs. The
storage capacitance Cs 1s disposed below a black matrix and
has a relatively large area, thus, the storage capacitance Cs
may account for about 50% of the whole pixel capacitance.
That 1s, the storage capacitance Cs 1s increased at all
possible without impacting an aperture ratio. Besides, in
above embodiments, the common e¢lectrode (the second
conductive layer 102) 1s formed under a conductive trench,
which may shield the influence caused by exterior potential
and avoid a startup of a back trench, such that a current
leakage 1s reduced.

FIGS. 8A to 8N schematically illustrate cross-sectional
views of mtermediate structures of a method for forming an
LTPS array substrate 200 according to an embodiment of the
present disclosure. The difference between the method in
FIGS. 8A to 8N and the method in FIGS. 7A to 7N 1s that:
referring to FIG. 8B, after the second conductive layer 202
1s formed on the first substrate 201, the second conductive
layer 202 1s not patterned and remains intact. In the embodi-
ment, the second conductive layer 202 includes a transparent
conductive material, such as indium tin oxide (ITO). The
first conductive layer 204 has a rectangular shape and
includes a material capable of blocking lights, such as
molybdenum-aluminum alloy, chromium, molybdenum or
other materials which 1s conductive and capable of blocking
lights. The material capable of blocking lights can prevent
light emitted by a backlight umt from 1rradiating a trench
layer, which avoids extra produced current. Except the
above diflerence, other parts of the two methods are simalar,
which can be referred to the above embodiments and are not
described 1n detail here. Compared with the method 1n FIGS.
7A to 7N, advantages of the method 1n FIGS. 8A to 8N lie
in that, no patterning process 1s performed to the second
conductive layer 102, which may reduce one time of mask-
ing process and corresponding cost.

FIGS. 9A to 9N schematically illustrate cross-sectional
views of mtermediate structures of a method for forming an
LTPS array substrate 300 according to an embodiment of the
present disclosure.

Referring to FIG. 9A, a first substrate 301 1s provided. In
some embodiments, the first substrate 301 may be a trans-
parent glass substrate. Referring to FIG. 9B, a first conduc-
tive layer 302 1s formed on the first substrate 301, and 1s
patterned. Referring to FIG. 9C, a first insulating layer 303
1s formed on the first conductive layer 302 to cover the first
conductive layer 302 and the first substrate 301. Referring to
FIG. 9D, a second conductive layer 304 1s formed on the first
insulating layer 303, and 1s patterned. The first conductive
layer 302 has a rectangular shape. The second conductive
layer 304 has a shape of strip and a same electric potential
with a common electrode. At least one of the first conductive
layer 302 and the second conductive layer 304 includes a
material capable of blocking lights, such as molybdenum-
aluminum alloy, chromium, molybdenum or other materials
which 1s conductive and capable of blocking lights. The
material capable of blocking lights can prevent light emitted
by a backlight unit from 1rradiating a trench layer, which
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avoids extra produced current. The projection of the second
conductive layer 304 overlaps with the projection of the first
conductive layer 302 on a vertical direction. The {irst
conductive layer 302, the second conductive layer 304 and
the first insulating layer 303 constitute a storage capacitance
Cs.

Referring to FIG. 9E, a bufler layer 305 1s formed on the
second conductive layer 304 to cover the patterned second
conductive layer 304 and the first insulating layer 303. A
cleaning process may be performed before depositing the
bufler layer 3035. Afterwards, a PECVD process may be
performed to form the bufler layer 305. Referring to FI1G. 9F,
amorphous silicon 1s deposited on the bufler layer 305 by a
PECVD process, to form an amorphous silicon layer. In
some embodiments, a high-temperature roaster may be used
to perform a dehydrogenation process to the amorphous
silicon layer, which may avoid hydrogen explosion during a
crystallization process and reduce an mnner defect density of
a thin film after the crystallization process. After the dehy-
drogenation process, an LIPS process may be performed.
Specifically, some crystallization methods, such as an ELA
process, an MIC process or a SPC process, may be per-
formed to the amorphous silicon layer to form a polysilicon
layer on the bufler layer 3035. Afterwards, different 1on
implantation regions may be formed on the polysilicon layer
by exposure, and 10ns are mjected mto the polysilicon layer,
to form a trench region and a source-drain region. After-
wards, the polysilicon layer 1s photoetched, to form a
patterned polysilicon layer 306 on the bufler layer 305. The
polysilicon layer 306 overlaps with the projection of the first
conductive layer 302 and the projection of the second
conductive layer 304 1n the vertical direction. In some
embodiments, at least one of the first conductive layer 302
and the second conductive layer 304 (opaque layers) entirely
covers the polysilicon layer 306 1n the vertical direction.

Referring FI1G. 9G, a gate msulating layer 307 1s formed
on the patterned polysilicon layer 306 by a PECVD process,
wherein the gate insulating layer 107 covers the patterned
polysilicon layer 306 and the buffer layer 305. In some
embodiments, the gate nsulating layer 307 may include a
dielectric material, such as a nitride-silicon compound or an
oxygen-silicon compound. Referring to FIG. 9H, a gate
metal layer 1s formed on the gate insulating layer 307 by a
sputtering process, and a photoetching process 1s performed
to the gate metal layer to form a gate 308 on the gate
isulating layer 307. In some embodiments, the gate 308
may include a conductive material having a relatively low
resistance, such as molybdenum-aluminum alloy, chromium
or molybdenum. The gate 308 overlaps with the projection
of the polysilicon layer 306, the projection of the first
conductive layer 302 and the projection of the second
conductive layer 304 1n the vertical direction.

Referring to FIG. 91, a dielectric layer 309 1s formed on
the gate 308 by a PECVD process, wherein the dielectric
layer 309 covers the gate 308 and the gate insulating layer
307. In some embodiments, the dielectric layer 309 may
include a dielectric material, such as a nitride-silicon com-
pound or an oxygen-silicon compound. Two first vias 3a are
formed by a dry etching process. The first vias 3a penetrate
the dielectric layer 309 and the gate insulating layer 307, and
expose a portion of the patterned polysilicon layer 306. A
second via 3b 1s formed, which penetrates the dielectric
layer 309, the gate insulating layer 307, the bufler layer 305
and the first insulating layer 303, and exposes a portion of
the patterned first conductive layer 302.

Referring to FIG. 9], a source-drain metal layer 310 1s
formed on the dielectric layer 309 by a sputtering process,
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and a photoetching process 1s performed on the source-drain
metal layer 310 to form a source 310aq which fills one first
via 3a and a drain 3105 which fills the other first via 3a and
the second via 3b. The source-drain metal layer 310 may
include a conductive material having a relatively low resis-
tance, such as molybdenum-aluminum alloy, chromium or
molybdenum. The source 310a and the dramn 3106 are
clectrically connected with the polysilicon layer 306 through
the first vias 3a, and the drain 3106 1s further electrically
connected with the first conductive layer 302 through the
second via 354. It should be noted that, in some embodiments,
the source 310aq and the drain 31056 may exchange, and the
position relation 1s not limited to FIG. 91.

Referring to FIG. 9K, a planarization layer 311 1s formed
on the source 310a and the drain 31054, which covers the
dielectric layer 309, the source 310a and the drain 31054. In
some embodiments, the planarization layer 311 may include
an organic film. A fourth via 3¢ whose position corresponds
to that of the drain 31054 1s formed in the planarnization layer
311. The fourth via 3¢ penetrates the planarization layer 311
and exposes a portion of the drain 3105. In some embodi-
ments, an area of the fourth via 3¢ 1s greater than or equal
to an area of the first via 3a which 1s filled with the drain
3105.

Referring to FIG. 9L, a first transparent electrode 312 1s
formed on the planarization layer 311 and etched to form a
fifth via 3d whose position corresponds to that of the fourth
via 3¢ and which exposes a portion of the planarization layer
311 and a portion of the drain 3105.

Referring to FIG. 9M, a second insulating layer 313
which serves as a protective layer 1s formed on the first
transparent electrode 312 and in the fifth via 34 and the
fourth via 3¢ by a PECVD process. In some embodiments,
the second insulating layer 313 may have silicon nitride.
Afterwards, a third via 3e which penetrates the second
insulating layer 313 and the planarization layer 311 1is
formed by a dry etching process. The third via 3e exposes
the drain 3105.

Referring to FIG. 9N, a second transparent electrode 314
1s Tormed on the second nsulating layer 313 and 1n the third
via 3e by a sputtering process. The second transparent
clectrode 314 1s connected with the drain 31056 through the
third via 3e, to form a pixel electrode.

Based on above steps, the LTPS array substrate 300
shown in FIG. 9N 1s formed. In the LTPS array substrate
300, the first conductive layer 302 and the second conduc-
tive layer 304 are formed on the first substrate 301, which
are imsulated from each other and stacked on the first
substrate 301. The first conductive layer 302, the second
conductive layer 304 and the first insulating layer 303
therebetween constitute the storage capacitance Cs. The
storage capacitance Cs 1s disposed below a black matrix and
has a relatively large area, thus, the storage capacitance Cs
may account for about 50% of the whole pixel capacitance.
That 1s, the storage capacitance Cs 1s increased at all
possible without impacting an aperture ratio. Besides, in
above embodiments, the common electrode (the second
conductive layer 304) 1s formed under a conductive trench,
which may shield the influence caused by exterior potential
and avoid a startup of a back trench, such that a current
leakage 1s reduced.

In an embodiment of the present disclosure, a displaying
device 1s provided, including any one of the LTPS array
substrates shown in FIGS. 1, 3 and 5. A structure and
forming processes of the LIPS array substrate may be
similar with above embodiments, and are not described 1n
detail here.

10

15

20

25

30

35

40

45

50

55

60

65

12

In above embodiments, the LTPS array substrates and
corresponding forming methods are described in detail. The
principle and implementation methods of the present dis-
closure are described i1n conjunction with the detailed
embodiments. The above description of the embodiments
aims to help those skilled 1n the art to understand the spirit
of the present disclosure. Those skilled 1n the art can modity
and vary the embodiments 1n implementation ways and
application ranges without departing from the spirit and
scope of the present disclosure. Therefore, the present dis-
closure will not be limited to the above embodiments.

What 1s claimed 1s:

1. A low temperature poly-silicon (LTPS) array substrate,
comprising:

a first substrate having a first surface and a second surface

opposite to the first surface;

a first conductive layer and a second conductive layer
over the first surface of the substrate, wherein the first
and second conductive layers are mnsulated from each
other and at least one of the first and second conductive
layers comprises an opaque material;

a polysilicon layer above the first and second conductive
layers, wherein the polysilicon layer 1s shielded from
backlight radiation from the substrate side by the
opaque {irst or second conductive layer;

an interlayer msulating layer above the polysilicon layer;
and

a metal layer on the interlayer insulating layer, wherein
the metal layer comprises a source and a drain,

wherein the source and the drain 1s each electrically
connected with the polysilicon layer through a first via,

wherein one of the source and the drain 1s electrically
connected with the first conductive layer through a
second via, and

wherein the first conductive layer 1s disposed above the
second conductive layer and the second conductive
layer covers the entire first surface of the substrate.

2. The LTPS array substrate according to claim 1, wherein
the first conductive layer has a rectangular shape, and the
second conductive layer 1s transparent.

3. The LTPS array substrate according to claim 2, further
comprising a first transparent electrode which 1s disposed
above the metal layer and 1s electrically connected with the
source or the drain through a third via.

4. The LTPS array substrate according to claim 3, further
comprising a second transparent electrode which 1s disposed
in a same layer as the first transparent electrode or 1is
disposed between the first transparent electrode and the
metal layer.

5. The LTPS array substrate according to claim 1, further
comprising a first transparent electrode which 1s disposed
above the metal layer and 1s electrically connected with the
source or the drain through a third via.

6. The LTPS array substrate according to claim 5, further
comprising a second transparent electrode which 1s disposed
in a same layer as the first transparent electrode or 1is
disposed between the first transparent electrode and the
metal layer.

7. The LTPS array substrate according to claim 1, wherein
the LTPS array substrate comprises a top gate or a bottom
gate.

8. A displaying device, comprising a low temperature
poly-silicon (LTPS) array substrate according to claim 1.
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9. The LTPS array substrate according to claim 1, wherein
the first and second conductive layers each comprise an
opaque material.
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